Introduction
Marine biofouling can be defined as an undesirable accumulation of bacteria, microalgae, diatoms and invertebrates grown on all kinds of submerged facilities. It has always plagued both commercial and naval fleets [1] . For instance, it increases the surface roughness and weight resulting to the reduction of the speed and maneuverability. It leads to the more frequently dry-docking cleaning [2] and higher fuel consumption [3, 4] . And it also introduces invasive species into non-native environments resulting to ecological damage [5] , etc. Marine biofouling takes place on immersed surfaces as a result of several successive steps consisting of the formation of a conditioning film firstly, the following adhesion of macroalgae, fungi, protozoa and the last invertebrate larvae attachment [6] . In this complex process, it is also generally accepted that a lot of physical-chemical factors of the submerged surface influence on biofouling, such as surface tension and energy, wettability, elastic modulus, surface chemistry, surface roughness and topography etc [7] [8].
Bio-inspired self-cleaning performances from biology have recently provided new insights into designing a high-efficient and non-toxic antifouling (AF) coating.
Hydrogel has been actively investigated as antifouling coating material due to its soft, high-water-content, reducing effective attached area, and low surface energy just like fish slime [9] However, developing absolute hydrogel coatings seems extremely difficult, if not totally impossible, due to its poor adhesion strength to substrates. In this paper, the coating modified by PVA/PAAm hydrogel powder was prepared. The coating microstructure was investigated by SEM. Moreover, the self-cleaning property of dyed oil stain was provided by the PVA/PAAm hydrogels. Thus, the coating modified by PVA/PAAm hydrogels is a desirable strategy to prevent marine microalgae attaching. More importantly, such a coating has an impressive antifouling performance in marine.
Experimental

PVA/PAAm Hydrogel synthesis
A two-step method was used to synthesize the PVA/PAAm hydrogel. First, the single network (SN) PVA hydrogel, as the first network of the PVA/PAAm hydrogel, was synthesized. PVA powers of 1.25 g were dissolved in deionized water of 15 mL through heating and stirring for 6 h at 95°C in an oil bath. The precursor mixture solution was poured into a plastic dish that served as a mold at room temperature, and sealed up in a freezer at -20°C for 18 h, and then thawed at room temperature for 6 h.
Second, PVA hydrogel was immersed in an aqueous Acrylamide (AAm) solution of 1 mol% KPS for 24 h, which subsequently polymerized in a constant temperature of 50°C for 15 h to get PVA/PAAm hydrogel.
Coating preparation
Antifouling coatings modified by PVA/PAAm hydrogel particles of diameter of 40m and 70m were prepared. And the contents of the PVA/PAAm hydrogel particles were 5%, 10% and 15% respectively. Firstly, the PVA/PAAm hydrogel powder with certain weight was blended with silicon coating through stirring rapidly for 20 min. Then, the B component of the silicon coating curing agent was added into the A component by quickly stirring for 5 min. The mixed coating was sprayed on the 250×300mm low carbon steel plate to solidify for 24 h.
Biomass adhesion
A typical benthic marine microalgae, Nitzschia closterium f. minutissima, was 
Field trials
The field trials were carried out at Longkou port, the Bohai sea, China. All the samples were held on a PMMA frame. There were six samples exposed, three organic silicon coatings. They were arranged in a coated steel-square formation. The exposed area of sample was 160 ×400 mm. The rack was suspended in a vertical orientation to a depth of 1.5 m under the sea. The trial began in July 2012 and was run for a period of 12 weeks. Moreover, the more contents of PVA/PAAm hydrogel powders were loaded, the more damages the coatings had. The damage of the coating can depress the AF performance significantly. Thus, the contents of PVA/PAAm hydrogel powder can not be more than 15wt%. In addition, the coating with the hydrogel powder diameter of 70μm had larger size damage than that of 40μm. Fig. 2 is the surface macroscopic morphology of the PVA/PAAm hydrogel powder modified coating, with the powder diameter of 40μm, after 2h immersion in ASW. The flexible, slippery and tightly adhering water film originated from the water molecules locked within the network of hydrogel polymer chain can be found on the surfaces of the coatings [11] . Moreover, the more contents of PVA/PAAm hydrogel powders were loaded, the denser water absorption points were found, resulting in a more homogeneous and continuous water film. The water film is biophysically similar to the hydrophilic flexible fish slime. The results showed that the coating modified by the hydrogel powder of diameter of 40μm and the content of 15wt% was the best kind of coating to provide a fish slime-like property. 
Result and Discussion
The surface morphology observation
The self-cleaning property
The adhesion of marine organisms begins with the adhesion of extracellular polymers. The adhesion layer changes the physical and chemical properties of the surface of the material so that the marine microorganism is easy to adhere to and is suitable for settlement. It is considered that the oily substances in the extracellular polymers play an important role in the marine bioadhesive process on the material surfaces. Therefore, the oil repellent properties of the materials contribute greatly to the anti biological fouling properties of the materials.
Self-cleaning test for the PVA/PAAm hydrogels modified coating was carried out by the oil-resistance on the coating tilted at sliding angle 30° and observed by high-speed camera imaging to determine good self-cleaning ability (Fig. 3 ). The water current whirled away the whole dyed oil stain in its path while washing for hydrogel coating. There is no consistent conclusion on the effect of substratum surface energy on the microorganism attachment. However, it is accepted widely that the modification of surface properties to obtain a more hydrophilic and oil-resistant surface can decrease the adhesion of microorganisms. Fig. 3 . Time-sequence images comparing oil-resistance of dyed beef tallow drop on a PVA/PAAm hydrogel modified coating and the silicon coating. Tallow is whirled away on the PVA/PAAm hydrogel modified coating(b), but it wets and stains the traditional silicon coating surface(a).
The antifouling performance
The presence of marine microalgae on the paints can be observed in the first week and a differentiation between the coating modified by PVA/PAAm hydrogel and the silicon coating can be performed. 
The Field trails
To confirm the antifouling performance of the coating modified by PVA/PAAm hydrogel of diameter of 40μm and the content of 15wt%, field trails were carried out in the marine environment for 12 weeks from August, demonstrated in Fig. 6 . As can been seen, blue mussel and barnacle of the length at least 2 cm dominated the organic silicon coating accounting for more than 90% of the fouling mass, whereas no barnacle settled down on the PVA/PAAm hydrogel modified coating. It is demonstrated that the PVA/PAAm hydrogel modified coating may provide an effective attachment resistance to reduce biofouling or to increase the ease of foulants removal, which shows excellent antifouling performance. 
Conclusion
In this study, adding PVA/PAAm hydrogel powder into the organic silicon coating is put forth as an effective method to prepare the antifouling coating, which preserves the bonding strength to substrate of the silicon matrix for application. The wet fish-mucus-like hydrogel film provided a higher self-cleaning ability of the oily stain removal. Under this premise, the comprehensive studies of the most important antifouling performance were performed. The results showed that the coating modified by PVA/PAAm hydrogel attached in significantly lower number marine organisms in comparison with the silicon coating. It can be concluded that the fish slime-like coating modified by PVA/PAAm hydrogel had an excellent antifouling performance.
